Abstract Kindergarten children enjoy playing games, as games bring motivation and active learning. Many board and card games require mathematical competencies and, therefore, carefully selected board and card games could be used as meaningful learning tasks for mathematics education in early childhood. With this in mind, several games for fostering quantity-number competencies have been implemented in an intervention study. The study included 6 years old children and three conditions: training program (n = 110), play-based intervention (n = 89) and control group (n = 125). For this article, videos involving 21 children in ten teams from one of the most widely played games in the play-based intervention were selected for in-depth analysis: the board game Shut the Box. This explorative analysis of children's mathematical behaviour and peer support whilst playing a board game allows researching in what way a specific game provides a meaningful learning task for early mathematics. The results show that children employ several mathematical skills while playing, depending on their individual quantity-number competencies. As the game can be easily repeated several times, the children practise and shape mathematical skills and monitor and support their co-player in order to increase their chances of winning the game. It is suggested that the board game provides an adaptive and motivating setting, which can meet the learning needs of low as well as high achieving children.
Introduction
Research into early childhood education has shown repeatedly the great importance of that phase for later learning in school and beyond. Children entering formal education in primary school have a wide range of precursory knowledge. This also applies to mathematics (Hengartner and Roethlisberger 1995; Moser Opitz 2001; Weinhold Zulauf et al. 2003) : whereas approximately 20 % of the children have already mastered the learning goals for the school year ahead and 60 % demonstrate the competencies of year 1 to a large extent, a minority of children have great difficulties and might not know how to count or might not recognise numbers (Moser et al. 2005) . Precursory mathematical knowledge shown at the end of kindergarten accounts for 17 % of the variance at the end of year 3 of primary school, more than cognitive ability (10 %) or age (7 %) or socio-economic background (4 %) (Moser and Bayer 2010) . Mathematical precursory knowledge even predicts mathematical competency at the end of year 4 (Krajewski and Schneider 2006) . Heterogeneity of the mathematical competency at the beginning of primary school continues, and the gap between the most and the least competent students increases (Fogelman 1983) . In general, pre-knowledge has proven to be a crucial factor to determine knowledge acquisition (Helmke and Weinert 1997) . With the aim of increasing equal opportunities and the fostering of all children it becomes paramount to systematically support the acquisition of mathematical precursory knowledge in kindergarten (Krajewski and Schneider 2006; Grüßing and Peter-Koop 2008) . While learning about structures, regularities and comparisons relevant for mathematical learning starts with birth (Dehaene 1997; Hirschmann et al. 2008) , early childhood education in kindergarten offers an introduction to mathematical verbalisation and mathematical reasoning. Four to six years old children indeed show an enormous progress in their mathematical competency (Weinhold Zulauf et al. 2003) . These insights have informed the curricula which guide kindergarten practice. Recent curricula for the early years generally include mathematical learning goals and centre on the acquisition of quantity-number competencies 1 defined as a combination of knowledge, skills and attitude (Projekt Deutschschweizer Lehrplan 2010) . This raises the questions of how quantity-number competencies can effectively be fostered in Kindergarten and leads to the development of the play-based approach adopted in our research.
The literature review addresses the foundations for this research discussing early quantity-number competencies, play-based teaching and learning arrangements for fostering mathematics in kindergarten as well as the potential of games as meaningful learning tasks. Then the methodology is presented, describing the design, the game chosen for this analysis, and the procedure for analysing the video data. The result section shows in depth the findings around children's mathematical behaviour and also addresses aspects such as play and support. The discussion brings together the findings on the potential of the game Shut the Box for fostering early quantity-number competencies with the prospects of games as adaptive and meaningful learning tasks in general.
Play-Based Teaching-Learning Arrangements for Early Mathematics

Early Quantity-Number Competencies
Quantity-number competencies are at the heart of the mathematical sense making for young children of four to six years (Krajewski and Schneider 2009 ). Children's early quantity-number competencies are highly relevant for later mathematical learning (Jordan et al. 2009 ). These important competencies are understood and named in different ways within the research literature. In educational psychology knowledge and skills related to numbers and quantities acquired in early childhood are often termed number sense (Dehaene 1997) , early numeracy (Aunio et al. 2009 ), numerical competency (Resnick 1989) or number competencies (Jordan et al. 2009 ). Common key elements of the denoted concepts include counting, number knowledge and arithmetic operations. More specifically and according to Jordan et al. (2009) early "number competencies refer to the ability to apprehend the value of small quantities immediately, make judgements about numbers and their magnitudes [. . .] , grasp counting principles [. . .] , and join and separate sets [. . .] . They also involve a linear representation of small numbers, such that each number is one more than the one that comes before it or one less than the one that comes after" (p. 851).
Quantity-number competencies are built on inherent number and magnitude systems . The development starts with precise representations of small numbers in the preverbal infant and occurs in absence of formal instruction. Between ages 2 and 5 years children learn to count and acquire a symbolic system for representing numbers. At this stage, when children are assumed to map counting words and Arabic numerals onto nonverbal quantities as a basis for later learning of more complex mathematical competencies, verbal input and instruction are essential (Jordan et al. 2010) . Among others, Krajewski and Schneider (2009) proposed a theoretical model to show how early mathematical competencies are acquired via linking imprecise nonverbal quantity concepts with the ability to count. The model describes three developmental levels:
(1) Basic Numerical Skills.
Children have an innate capacity to discriminate quantities. With language development they start using words such as more or less for quantity discrimination and they acquire precise number words and the exact number-word sequence. Number words are not used yet to describe quantities. (2) Quantity-number concept.
Linking number words with quantity is performed in two steps. Children start with assigning number words to rough quantity categories (imprecise quantity to number-word linkage) and gradually come to match the exact number-word sequence to precisely arranged quantities (Precise quantity to number-word linkage). Furthermore, children learn from experience "that a quantity can be divided into pieces that, taken together, equal the original quantity [. . . ] and that quantities change only if something is added or taken away" (Krajewski and Schneider 2009, p. 519) . (3) Concept of number relationships.
Children come to understand the decomposition of numbers and the differences between numbers. With growing quantity-number competencies children's mathematics transform from something that can only be done by manipulating real objects to something that can be done in their heads (Griffin 2004) .
Observed outcome of early quantity-number competencies includes subitizing, comparing of numerical magnitude, counting and performing simple arithmetic calculations. Subitizing relates to fast verbal naming of small quantities without counting the items separately (perceptual subitizing) or to instant recognition of a structured quantity (conceptual subitizing; Clements 1999). Numerical magnitude comparison refers to processes, where either an approximate (more, less, equal) or an exact evaluation of magnitudes or symbols representing magnitudes is used. It has been shown that the ability to process numerical magnitude information is crucial for mathematics development ). To count the child has to know the number names and the count sequence. Counting also involves the knowledge of counting principles: the one-to-one principle, the stable-order principle, the cardinal principle, the abstraction principle, and the order-irrelevance principle (Gelman and Gallistel 1978) . Depending on their mathematical development children apply different counting strategies starting from Counting All from First (CAF)/Last (CAL) (Baroody 1995) to Counting On First (COF)/Last (COL) (Hopkins and Lawson 2002) . Simple arithmetic calculations pertain to the mental processes and structures including the part-whole concept required for simple arithmetic operations such as addition or subtraction (Ashcraft 1995) .
As stated in the introduction above, the differences in competency levels for early mathematics are highly relevant for future educational outcomes. With the aim of fostering equal opportunities, it is therefore highly relevant to find adequate and effective ways to support the development of quantity-number competencies in kindergarten.
Fostering Early Quantity-Number Competencies
Over the last decade a wide range of programmes and teaching materials has been developed for mathematical learning in early childhood education. In German speaking Switzerland kindergarten teachers have adopted diverse approaches: Zahlenland (Follow me into the land of numbers) by Friedrich et al. (2011) Krajewski et al. (2007) . Findings of evaluations are inconclusive: Pauen and Pahnke (2008) compared Mathe 2000 with Zahlenland and concluded that the approaches do not differ in their effectiveness. Krajewski et al. (2008) found better effects for Mengen zählen Zahlen compared to Zahlenland, however, the comparison group was not controlled within a quasi-experimental design. Some authors have, however, questioned whether a highly instructional learning setting within early childhood education will have the desired positive effects in the long term (Dollase 2010; Hauser 2005) and have emphasised the importance of play for learning and the need for playfulness in early mathematics (Singer et al. 2009 ). Marcon (2002) found more positive effects at the end of primary school for children who had benefitted from a child-centred and playful learning setting in early childhood education and negative effects for early instructional school-like settings. Several authors have also proposed the use of games to improve children's basic number skills and enhance their motivation during mathematics learning (Ainley 1990; Bragg 2003; Peters 1998; Schuler 2013; Ramani and Siegler 2011; Van Oers 2010) . Dice games have been found to increase children's counting skills (Hughes 1986; McConkey and McEvoy 1986) . Peters (1998) found in an intervention study that the intervention group where children played games in small groups developed better precursory mathematical competencies than the group of children, who did not play games as part of the intervention. Our own intervention study with a quasiexperimental design also found better effectiveness of play-based mathematical fostering (Spielintegrierte Mathematische Förderung = SpiF) as compared to the traditional kindergarten teaching, whereas a training programme (Mengen zählen Zahlen; Krajewski et al. 2007 ) did not show effects (Rechsteiner et al. 2012 ).
Games as Meaningful Mathematical Learning Tasks
Having established the importance of fostering quantity-number competencies in kindergarten and having discussed the potential benefits of playing games with mathematical benefits we turn to an analysis of play-based teaching-learning arrangements for early mathematics. According to Reusser (2011) productive learning facilities evolve from the interplay of a meaningful learning task, an adaptive teaching method and supportive interactions by teachers or peers.
Meaningful Learning Tasks
Learning tasks have a strategic role in instructional processes since they activate and guide student learning (Blömeke et al. 2006) . This applies in particular for teaching heterogeneous groups of learners, where the tasks need to meet the level of competency of the individual child-with regards to mathematics as well as self-regulation (Reusser and Stebler 2012) . Reusser (2006) highlights the following characteristics of meaningful learning tasks: (i) Meeting heterogeneous learning need: Meaningful learning tasks can be worked on with different competency levels and should allow for different learning strategies. (ii) Content, activation, co-operation and problem-solving: Meaningful learning tasks should represent the core ideas of the subject, invite exploration and be authentic and motivating. This can often be found in tasks which are linked to daily life experience, include puzzles or draw upon humour. Co-operative and interactive forms of learning also support motivation. Meaningful learning tasks have the following mathematical characteristics, according to Wittmann (2010) : (i) Elements (entities) are provided, which can be mathematically defined and which are in mathematical relations to each other. (ii) The elements can be dealt with using mathematical rules. (iii) The mathematical activity has an aim. It therefore always includes the examination of patterns and orders and problem-solving through the use of these structures. (iv) The mathematical learning activities need to be a foundation for the future learning processes. This involves for example a careful choice of number representation to ensure that the representations used in kindergarten are those used at school too. Learning outcome depends on the quality of in-depth learning processes: the more active, motivated, self-regulated, problem-oriented, reflected, linked with pre-existing knowledge as well as interactive the learning process is, the better is the learning outcome in terms of understanding (transparency, clarity), stability, transferability, and in terms of positive emotions such as motivation, interest and self-efficacy (Reusser 2006) .
Play as a Powerful Teaching Method
For kindergarten, play provides a context for activating and self-directed learning (Hauser 2013) . Often children have better learning outcomes when they are learning through play in pre-school rather than through instructional and formal teaching (Dollase 2010) . Vygotsky coined the poetic saying: "In play a child is always above his average age, above his daily behavior; in play it is as though he were a head taller than himself" (Vygotsky 1978, p. 129) . In German speaking Switzerland, pedagogy of the kindergarten is strongly related to the concept of free play. This emphasis on play rather than school-like formal instruction could contribute to fostering mathematical competencies. However, play does not work automatically and finding a good balance in the curriculum in early childhood is a great challenge to educators (Wood 2011) . The requirements for a meaningful learning task as outlined above could also be used to select games for play-based teaching-learning arrangements for early mathematics.
For fostering quantity-number competencies board and card games can be particularly helpful. Board and card games require only short instructions at the outset and afterwards, the children can play very independently. Bright et al. (1985) mention the voluntary nature of a game, the challenge through the opponent and through the task, the set of rules which regulate the process, the options and the goal, the distinct nature of a game as different from real life, the low stakes for all players, and a defined end with the unknown episodes. Educational board games are often praised for fostering arithmetic skills. Some research has also proven the effectiveness of certain games for quantity-number competencies, as for example Siegler et al. (2011) , Whyte and Bull (2008) and Obersteiner (2012) . Card and board games also allow for the deepening of competencies already acquired: "in a game there is a context for using some mathematics that you have learned, and that context is real for children because they can engage with it and the outcome matters to them" (Ainley 1990, p. 86) . Card and board games can be played at different stages of mathematical competencies. Kamii and Kato (2005) show in a detailed analysis of 'lining up the fives' how less advanced children do not think ahead for the future steps in the card games, whereas more advanced children show more strategic decisions, which make thinking ahead necessary. Kamii and Kato (2005) conclude that card and board games can foster development in varied and powerful ways. The opportunity a game offers is taken up in relation to the situation and the individual preconditions (Schuler 2013) . To have motivating learning arrangements is ever so important: "it is not possible for adults to foresee exactly how children will develop their logico-mathematical network, but it is possible for us to provide them with rich activities that will motivate them from within to think hard" (Kamii and Kato 2005, p. 382) . However, there is only little research on the ways children use materials provided. Children often are not using the materials in the way they were/are intended (Ginsburg and Golbeck 2004) . "A rich physical environment by itself is not enough. The crucial factor is not what the environment makes possible, but what children do in it" (Ginsburg et al. 2008, pp. 6-7) . The analysis of the children's actions and interactions while playing the games enables understanding the potential of the games for mathematical learning.
Interaction and Support Socio-constructivist learning theories have highlighted the fact that all learning is socially embedded; that sense making can only be understood as part of a dialogue with others (Reusser 2001) . In line with socio-constructivism the importance of collaborative learning arrangements has become more and more apparent. While playing games in small groups, the children interact with each other; the games provide an opportunity for mathematical talk. According to Osana and Rayner (2010) it can be expected that verbalisation of mathematical thinking has a positive impact on children's mathematical understanding. Boonen et al. (2011) reported that a too diverse mathematical talk by the teacher has a negative effect. They conclude that mathematical talk through the teacher should be carefully and selectively employed. In contrast, the mathematical talk required when playing a board or card game together is constructed by the children themselves. In playing together, children monitor their own behaviour as well as the behaviour of the other children. They monitor the learning process, provide feedback, notice errors and help each other in developing deeper understanding. Research into collaborative settings has shown that although there is great potential, collaborative learning does not per se lead to good learning outcomes. Collaboration requires competencies, successful collaboration needs to be learned (Gillies and Haynes 2011; Howe et al. 2007 ). We envisage that playing games in small groups provides a motivating arrangement to learn to collaborate and to learn collaboratively.
Research Questions
Drawing on the relevance of the development of quantity-number competencies for mathematical learning and on the importance of high quality teaching and learning arrangements this study aims at investigating the potential of a selected board game, namely Shut the Box. The following research question is at the heart of this explorative study: What behaviour do six years old children show while playing the selected board game? Three sub-questions are addressed:
(i) What mathematical behaviour do the children show? (ii) Is there a correlation between the arithmetic strategies employed in the game and the overall test score? (iii) What behaviour regarding play and support can be observed?
Methods
Design and Sample
The videos analysed in this study are part of the data of the research project 'Fostering mathematical precursory competencies with six years old children: training programme or play-based approach? (SpiF)'. Thirty-five kindergarten classes from the St. Gallen Region in Switzerland took part in the SpiF project. From these 35 classes, all children in the second year of kindergarten with the average of 6:3 years participated (n = 324). The classes were recruited randomly from the cantonal list of kindergartens and teachers were asked at random to take part in one of three conditions. 11 classes with 89 children received the play-based approach (Hauser et al. 2010; Vogt 2012) , 12 classes including 110 children were given the training programme by Krajewski et al. (2007) and 12 classes with 125 children formed the control group. The teachers of the two intervention groups received two days of teacher training in the respective methods of fostering mathematical competency in kindergarten. Only at that moment they became aware that there are two different interventions. The interventions were implemented by the teachers in 24 units of half an hour each, over the time of 8 weeks in spring 2010. The duration and the timing of the intervention towards the end of kindergarten followed the guidelines of the training programme by Krajewski et al. (2007) .
Mathematical competency of the children was measured as part of a pre-and posttest design, using the test by Moser and Berweger (2007) . This test was developed for a longitudinal study and standardised with 1000 children in German speaking Switzerland. It covers the understanding of the ordinal aspect from using pictures to tasks with numbers only, and similarly the cardinal aspect, and it includes tasks comparing amounts, naming numbers and operations supported with pictures (addition, subtraction) and addition and subtractions with numbers only. The tasks in the test are embedded in a story and illustrated with pictures. The mathematical competency test was carried out by a researcher on a one-to-one basis in the rooms of the kindergarten.
For the play-based intervention, 12 board and card games were used. For most of the time, children were given free choice for selecting a game and forming groups with their peers. However, the intervention can be seen as guided play (Golinkoff 2010) as only these games for fostering early mathematics were on offer during the half an hour unit. The duration of the intervention was controlled as the games were not available for children during other times, for example free play. In approximately the fifth or sixth week of the intervention, the research team visited the class during one half an hour sequence and videoed with five fixed cameras the interactions of the children playing.
From the video data, ten sequences depict children playing the game Shut the Box. These videos will be analysed in depth here. The video sequences include 21 children (10 girls, 11 boys; M = 6 : 3 years, SD = 4 months) in seven kindergarten classes playing in pairs (nine groups of pairs) and in a group of three children. The filmed children (= Shut the Box sample) have reached a pre-test score of 70.8 (SD = 20.6) and a significantly higher post-test score of 83.1 (SD = 19.1; t = −5.47, df = 19, p < .001).
The Shut the Box Game
The game Shut the Box (www.carlit.ch) is played with dice and a box with wooden tiles showing the numerals 1 to 9 (Fig. 1) . The aim is to shut down all numeral tiles. The player who achieves this first is the winner. Many variations are known; the game is recommended from kindergarten age onwards, can be played by two or more players and requires luck (dice), arithmetic skills and strategy (Wikipedia 2012) . For this research project we defined specific rules, which would support young learners in playing the game. In this specific variation of the rules of the game, each player has his or her own box with the numerals on the tiles. After each episode of throwing the pair of dice once and-if possible-shutting a number tile, the co-player continues. In this set up, the children are active at regular intervals and are not required to watch the co-player play for a long time. Different to other variations, the players only decide to shut the tile of the sum of the two dice, or the tally of each separate dice, but not other combinations. If any of these three options are already shut, nothing can be done in this episode, and the co-player continues throwing his or her pair of dice. The kindergarten teacher was provided with a manual of all the games and thus introduced the game briefly to the class. The children then played the game without help of the teacher. The following actions are required in this game:
-throwing the pair of dice, -defining the tally, -defining the options: tally of dice A, tally of dice B or the sum of A and B, -comparing the options with the numeral tiles of the box, -selecting one option and shutting a tile.
Drawing on the findings and theories on the development of quantity-number competencies as discussed above, we envisage that many different strategies related to meaningful arithmetic learning can be employed for playing this game. Defining the quantity can be achieved through counting, subitizing or adding, among other ways. The following transformations are needed: From the iconic representation with the dots on the dice to the verbalised number (spoken out aloud or thought) and further to the quantity represented through the numeral (either the child recognises the numbers or the child counts the tiles to find the correct numeral tile). Defining the options (tally of dice A, tally of dice B or the sum of A and B) refers to the part-whole concept.
Procedure of Data Analysis
For the analysis of the video data a strategy based on content analysis (Mayring 2007) was employed. The units of analysis were defined, categories and a coding procedure were developed.
Units of Analysis
Round: A round begins with the first throwing of the dice by one of the children and ends with one of the children completing the game and winning. Episode: As the children take it in turn to play, an episode is defined by these turns. An episode begins with one child being the player, throwing the dice, counting, shutting down number plates, and ends with the change of role, when the other child plays. Action: An episode contains severeal actions, such as shutting down no number, shutting down one or two number tiles, counting, adding, counting the amount for the other child, correcting the other child. Turn: In order to examine peer interaction at play, turns are also used as a unit of analysis. A turn is defined as the utterances of one child before the next one speaks.
Categories
To develop the categories, episodes were rated on the following aspects: (1) arithmetics, (2) playing, and (3) peer interaction. Table 1 provides an overview of the aspects, dimensions, categories and variants. Arithmetics (1) The mathematical actions in each episode are categorised along the dimensions quantifying (1.1), assignment of numbers and quantities (1.2) and partwhole concept (1.3). The dimension quantifying (1.1) involves counting (counting all first (CAF), counting all last (CAL), counting on from first (COF), counting on from last (COL) or unfinished counting), addition, subitizing or other. Addition is given when the child figures out the sum trough verbalising summands, operator and result. Subitizing is coded when the child quickly verbalises the number of dots on one dice or the sum of dots on two dice (neither counting nor addition is observed) or when the child quickly acts accordingly, as for example when the child shuts down the number in the box as soon as the dice has fallen. Subitizing involves two types of strategies: it entails the perception of small numbers of dots (≤4) and also the recognition of structured patterns of dots. Other is coded for situations where neither subitizing nor counting or adding is visible. In these cases it remains unclear, what strategy the child employs. Finally when the child has a tally, which does not allow for shutting down a number (for example the child would only need the number 9), often quick assessment without counting or without stating the number is sufficient.
The categories of the dimension assignment of numbers and quantities (1.2) focus the process of the representation and the comparison of quantity. The category recognising numerals looks at transforming iconic (dots) or acoustic (number-words) representations of numbers into symbolic representations (numerals). Children with number recognition can make a simple transfer from the iconic or acoustic representation to the symbolic representation. Children who do not recognise a numeral right away can use counting the number tiles to find the position of a number within the series. As above, the number recognition is rated as correct or incorrect. As there are several options of using the tally in a given situation during the game, even more transfer is required. The child has to decide, which tile to shut down. Also this decision is rated as correct or not incorrect.
Within dimension part-whole concept (1.3) the analysis focuses on the choice of the child during an episode. The child often has the choice of either choosing a part (tally of dice 1 or tally of dice 2) or the sum of the tallies. The various options are coded in the category selection part-sum (selection of part when sum is possible/not possible; selection of sum when part is possible/not possible). Two strategies can be distinguished: the choice of the sum whenever possible and the choice of the part whenever possible. Again, the result of the part-sum selection is coded as to whether it is correct or not.
Playing (2) For this aspect, the following indicators were defined: the role of each child (player versus co-player) (2.1), the tally of the two dice (2.2), turn taking (parallel play yes/no) (2.3) and adherence to the rules of the game (cheating yes/no) (2.4).
Peer Interaction (3)
The dimension monitoring (3.1) examines, whether or not the co-player observes the actions of the player. This is rated using the direction of their gaze, whether the co-player looks in the direction of the action of the co-player, his or her own shut box or to something else. The dimension verbal interaction (3.2) in-cludes several categories: First, the number of turns is counted. A turn begins with the change of speaker and ends with the last word before the next child speaks, or the action of the next player. Counting aloud is not regarded as a turn. If an episode includes turns, then the interactive function is coded: Statement is coded as a verbalisation of one player which is not followed by the response of the next player, commentary is given as a verbalisation of the co-player which is not followed by a response of the player. Two or more connected turns are coded as dialogue. If possible the content of the verbal interaction is analysed, distinguishing between verbalisations related to the mathematical content, to the game or other verbalisations. Mathematics related content is coded with regard to the arithmetical aspects quantifying, assignment of numbers and quantities or part-whole concept. Game related content includes the rules of the game, the course of the game, the score or statements related to cheating. Finally, the category mistake is given for capturing error detection.
Coding Procedure
For coding, first the segmentation of the video sequences into rounds and episodes was completed. Following the segmentation, for each episode the actions were defined. The categorisation first focussed on the aspect of playing. Then each action was coded according to arithmetics and finally the peer interaction was analysed.
Method of Data Analysis
The analysis was conducted directly whilst watching the video. Only certain illustrative examples of episodes were transcribed. The codes were entered into an SPSS data file. Coding was completed in December 2010, a reliability check was carried out six months later. To test the reliability 72 out of 634 episodes were randomly chosen and recoded by the same rater. Intra-rater reliability was overall high (Cohen's Kappa > 0.90). Slightly lower reliability was found for the categories quantifying strategy, turn and function (0.87) and mistake (0.84). The statistical analysis was done using SPSS.
Results 2 4.1 Descriptives
The 10 groups of 21 children played 22 rounds of the game Shut the Box in total. Groups played between one and six rounds ( Table 2 ). The video data analysed includes 1 h 51 min 53 s. On average a round had the duration of five minutes (M = 5 min 5 s; SD = 2 min 3 s). The 22 rounds included 634 episodes (M = 28.81; SD = 11.28), which consist of 739 actions. 14 % of the episodes included two or more actions: second move according to a teacher-initiated modification of rules (n = 24), supplementary quantifying e.g. for checking results (n = 42), correcting move (n = 9), quantifying by the co-player (n = 30). Three actions could not be coded because of problems with the quality of the video. For analysis 736 actions were included. On average, a child performed 35 actions (M = 35.19; SD = 27.01). The range of actions is large. It ranges from 9 to 99 actions per child. The children of this sample had a mean pre-test result of 70.8 (SD = 20.6) and a mean post-test result of 83.05 (SD = 19.1). The minimum in the pre-test was 35, the maximum 120. In the post-test the minimal score obtained was 56, the maximal score 120 ( Table 2 ). The Shut the Box sample significantly improved from pre-to post-test (t = −5.47, df = 19, p < 0.001). At this point, it should be noted that Shut the Box was one out of 12 games played by the children of our sample during the play-based intervention. Therefore, learning gains and individual differences cannot be explained by the mathematical behaviour when playing Shut the Box, neither for groups nor for individuals. Note. All actions except those in which the position of the tile is determined by counting (17/736). CAF = counting all first, CAL = counting all last, COF = counting on from first, COL = counting on from last 4.2 Observed Mathematical Behaviour
As described above, after having thrown the dice, the child needs to quantify the dots with respect to parts (two subsets; dice 1, dice 2) or the whole (sum). The child can count or use strategies such as subitizing or addition. Then the child needs to compare the arithmetic result with the tiles on the box of the game and shut down one tile. To identify the numerals on the tiles, the child could rely on number recognition or identify the serial position by counting.
Quantifying From all 736 actions, half of the actions involve counting (369/736) ( Table 3) . Counting is mainly used to define the sum of the two tallies (350/369), twice, counting action was used to define a part tally (2/369) and 17 times, counting helped to determine the position of the tile (17/369). The other half of all actions does not involve counting, but other strategies for quantifying (367/736). A third of these actions with quantifying strategies involve "subitizing" (122/367), "addition" (130/367) or "unknown quantifying strategy" (115/367). Two situational aspects can be distinguished regarding the episodes: Situations, where the tally could result in a number tile being shut down and situations, where the tally cannot be used to shut down a tile, because all three possible numbers have already been shut down. 338 actions occur in the context of episodes, where it would be possible to shut a number tile, 381 actions are in the context of no such possibility. In situations, where shutting a number tile is possible, counting is less frequent (150/338; 43 %) than in situations, where shutting a number tile is not possible (202/381; 53 %).
In the majority of actions (275/352; 78 %), in which the sum of the two tallies is determined by counting, children count through both dice either starting with the dice with the smaller tally (counting all from first, CAF) or starting with the dice with the Note. CAF/CAL = counting all from first/last; COF/COL = counting on first/last; df = degrees of freedom a Values of three children were excluded because these children almost always used, counting all-strategies; The correlation changes when only the sums up to 9 are considered, differentiating between small sums such as 2, 3, and 4 and large sums, such as 8, 9-the highest tile in the game shut the box is 9: correlations then are 0.22; 0.21; −0.26 larger tally (counting all from last, CAL) ( Table 3 ). Counting further from one dice onwards occurs in 13 % of the actions (47/252); children using this strategy more often use counting further from the larger tally (counting on last, COL) then counting further from the smaller tally (counting on first, COF). The choice of quantifying strategy depends on the sum of the two tallies. The larger the sum, the less often children are using addition (r = −0.294; p < 0.001) and the more they use counting all (r = 0.216; p < 0.01) or counting on strategies (r = 0.169; p < 0.01) ( Table 4) . The results are obtained from partial correlations including 246 actions (246/719) that are coded as 'counting all from first/last', 'counting on first/last' or 'addition' (variable 'quantifying strategy') and which refer either to small or to large sums (variable 'sum'). 2, 3, and 4 are considered small sums of the tallies whereas 8, 9, 10, 11 are large sums. Scores of pre-test and post-test are used as a control variable. A supplementary analysis of all actions, which are coded as additions (130/719), demonstrates that the children are employing addition as a quantifying strategy when one of the tallies is ≤3 or if the two tallies are the same.
Assignment of Numbers and Quantities
After quantifying, the child is required to compare the different representations of quantities in order to determine whether the tally of either dice or the sum could be used to shut down a tile. This comparison also requires the transfer from iconic or acoustic representation of quantities, to the numerical representation. It is not always necessary to determine the sumsometimes the use of estimations is sufficient. This transfer and the comparison between iconic, acoustic and symbolic representation of the quantity seems not to be difficult to achieve for most children. In 94 % of the 634 episodes, the children determine correctly, whether they can shut down a tile or not. Although it must be said that in situations where a child cannot shut down a tile, it cannot be said with certainty whether number and quantity has in fact been correctly related. Only in 17 actions (17/736) did three children count the tiles to determine the right number in episodes with higher numbers (1 × 6, 7 × 7, 6 × 8, 3 × 9). These children can use the serial position and counting to determine the position of the tile. Counting the tile, however, does not automatically mean that they do not recognise the number. It might also be that they use this action as a control. Part-Whole Concept In the version of Shut the Box described for the play-based fostering of mathematics and played by most children only one tile can be shut within one episode. Sometimes there is only one option for the episode or none. Sometimes children need to choose one option out of two or three. From all 634 episodes, 172 actions offered two or three options. Children who often use counting strategies, tend to select the sum, while children who rarely use counting strategies frequently choose the part. Several examples show that some children have fixed preferences for either sum or part; these children tend to then overlook the possible alternative. The example in Table 5 illustrates such an interesting discussion. The player had focussed only on the parts during the last episodes. In this episode he cannot apply this strategy as the two tiles (2, 4) are already shut down. He overlooks the other option. His co-player advises him that the sum is also possible. Keeping both possibilities in mind, the sum and the parts, seems to be challenging for some children. In 64 of the total 634 episodes 77 mistakes were noted. The majority of the mistakes relate to the part-sum selection (47/77) or to problems in one-to-one identification while counting the tally or the tiles (19/77). Other counting or addition mistakes only rarely happened. All but two children made mistakes.
Correlations Between Strategies and Mathematical Competency
This chapter addresses the question of whether the quantifying strategies employed in the game Shut the Box relate to the overall maths test score of the children. As already stated, mathematical competency of the children was measured as part of a pre-and post-test design, using the test by Moser and Berweger (2007) . The children of the Shut the Box sample had a mean pre-test result of 70.8 (SD = 20.6) and a mean posttest result of 83.05 (SD = 19.1). At the level of the individual child, the percentage of actions with counting is determined (Table 6) . Results show that some children count almost always (94 % actions with counting), some almost never (7 % actions with counting). The correlation between the percentage of actions with counting as obtained from the video analysis with the mathematics competences is negative and significant (pre-test: r = −0.360, n = 733, p < 0.001; post-test: r = −0.410, n = 733, p < 0.001). The children with lower maths competencies according to the test score tend to use counting as a quantifying strategy, whereas children with higher maths competencies count less often and use other quantifying strategies. Differences Note. Children in descending order of the percentage of actions with counting could also be found with regards to the counting strategies: children with lower maths competencies according to test score use CAF and CAL counting strategies, children with higher competencies use COF and COL strategies more often or exclusively. Focussing on the situations where the tally cannot be used to shut down a tile because all three possible numbers have already been shut down (338/719), the expected differences can be found between children with lower and higher arithmetic competencies: Children with high arithmetic competencies choose not to count or add up, when they have only few tiles left (Fig. 2) ; they react very quickly and say for example 'I cannot do anything' or 'your turn'. Children with lower mathematical competencies will still count towards the end of the round, when only one number tile still remains.
Playing and Support
The game Shut the Box is mostly played by two children. To keep the game going, they support each other while playing. For a more detailed analysis of the support the monitoring by the co-player as well as the verbal interaction was coded. However, the content of these interactions was not rated. The data therefore does not allow an interpretation about the quality and the coherence of the peer interaction.
Monitoring For 620 of total 634 episodes the monitoring was coded. The co-player observes during 74 % of the episodes fully or partly the actions of the player. In 16 % of the episodes the co-player looks at his or her own Shut the Box and for 10 % of the episodes they look at something outside the game. During the round, the monitoring changes. The co-player looks more often on his or her own Shut the Box (episodes 1 to 5: 9 % glance on own Shut the Box; episode 9 to 13: 17 %) and less often on the action of the player (episode 1 to 5: 81 %; episode 9 to 13: 74 %) as the game processes. The instances of glance outside of the game did not change during the round (episode 1 to 5: 9 %; episode 9 to 13: 10 %). Although the children monitor each other quite closely, they often did not mention mistakes or cheating. In approximately 15 % of the coded episodes (92/620) there was a problem (mistake and/or cheating). In one out of four instances (25/92) the problem was mentioned. One such example is shown in Table 7 . In the remaining episodes mistakes or cheating were not verbalised. It could be that some mistakes were not noticed, and it is also possible that some mistakes were not mentioned in order to increase one's own chances for winning.
Verbal Interaction
In each episode amount and function of turns were coded. Function codes were given for a statement, a comment or a dialogue. Statements and comments consist of one turn. Statements are verbalisations of the player; they might be part of thinking aloud or talking to oneself for self-regulation. Comments are verbalisations of the co-player. Dialogues include at least two connected verbalisations. Distinguishing these codes was difficult, as children often communicate non-verbally. Approximately a quarter of the episodes (166/634) have no verbalisations except for quantifying aloud. In 37 % of the episodes a statement of the player occurs (183/634) or a comment of the co-player (52/634). In 37 % of the episodes (233/634) dialogues occur, and in four of these episodes the kindergarten teacher is also engaged. In the majority of cases, the player initiates the verbal interaction. Therefore, the children are more active in verbalising when in the role of the player than of the co-player. Dialogues are generally short. Approximately 60 % of the dialogues (133/229) consist of two turns and 20 % include three turns (44/229) or four and more turns (52/229). Finally, in 634 episodes a total of 896 turns were analysed to determine content of verbalisations. As Fig. 3 shows, the children exclusively talk about content related to mathematics or the game. Other verbalisations are rare. The largest part of verbalisations relate to assignment of number and quantities.
Discussion
Basics of individual mathematical competency develop informally before children enter kindergarten. At the beginning of kindergarten children differ greatly in their mathematical knowledge and skills. Early quantity-number competencies have been described as determinative precursors for a successful development of later arithmetic abilities. To give equal opportunities to all children, a variety of programmes aimed at fostering quantity-number competencies have been developed and successfully implemented in kindergarten classes in recent years. Unfortunately most of these programmes involve formal instruction and therefore do not fit easily into the learning Fig. 3 Percentage of the contents of students' turns. Each turn in the 634 episodes was assigned a main content (n = 896) cultures in Swiss kindergarten. In German speaking Switzerland, pedagogy in kindergarten is strongly related to the concept of free play. Play rather than school-like formal instruction could, however, very well be beneficial for fostering mathematical precursory competencies. A variety of studies has examined the effectiveness of a board or card game for fostering mathematical competencies.
Knowing that children enjoy playing games and engage in many different types of mathematical ideas during play, a play-based mathematical fostering (SpiF) with card and board games to foster quantity-number competencies was developed and implemented. In order to find out whether the selected games promote the intended quantity-number competencies children were videoed while playing in small groups. In this article the analysis of the board game Shut the Box is presented. The analysis includes the aspects of mathematics behaviour (content), playing (method) and peer interaction.
Regarding the mathematical behaviour shown while playing the game Shut the box a great variety of strategies could be found. Often, the sum was determined through counting all from first (CAF) or counting all from last (CAL), as well as through subitizing and addition. While playing Shut the Box, most of the children made relatively few mistakes. As two thirds of all mistakes concern part-sum mistakes, we suppose that the simultaneous monitoring of sum and parts poses a challenge for most children of kindergarten age. The game Shut the box could be seen as a good teaching and learning arrangement for the simultaneous monitoring of sum and parts as well as an opportunity to develop quantifying strategies. Clearly, the strategies used depend on the tally and on the mathematical competences of the child. Correlations could be found between strategies and test scores. Children with higher test scores use strategies without counting more often. The analysis of play and support given by the children in their peer interaction shows that almost all children understood the rules and procedures of the game and were able to participate regardless of their arithmetic competencies. However, co-players often overlooked mistakes. We assume that it is more difficult for the children to observe the actions of the co-player than to perform an action themselves. While the children talked quite a lot during the game, discussions focussed primarily on the game and arithmetic operations. Other things were rarely mentioned or discussed. The children were primarily engaged in playing Shut the Box, and consequently, we conclude that the task orientation was high.
For teaching and learning, characteristics of meaningful learning tasks were highlighted: Emphasising the different strategies, adaptive learning task, activation and motivation as well as co-operative learning. As a conclusion from the exploratory video analysis these aspects can be met with the game Shut the box: -The board game Shut the Box supports a variety of mathematical strategies, from relying on counting by touching through to subitizing and additions. This allows for children to play the game at their individual competency level, using appropriate strategies, repeating and expanding their strategies. The analysis showed that the choice of strategies was related to the tallies of the dice: lower sums were addressed with other strategies compared to larger sums. We conclude that most children were challenged, but not overstretched through the game at the time of playing. However, only a video study with longitudinal design would capture the development of each child's skills and strategies and could also explain the differences in the learning outcomes amongst the children. -The game Shut the Box proves to be an adaptive and meaningful learning task: also children with diverging arithmetic competencies are able to play the game together. The rules of the games are easy to understand and there is little conflict amongst the players as to how to apply them. An important aspect of the quality of a learning game is also met: the actions while playing Shut the Box are determined by rules, regulating what to do, but the strategies are open-several strategies are possible. Each individual child therefore can choose a strategy according to his or her individual level of competencies. As a result, a rich variety of strategies could be observed in the video data. -Children playing Shut the Box show very high motivation and time on task: The game is popular amongst the children, thus they repeated the game, they focussed their attention on the game and they kept the play going. The time is devoted to playing. The children are primarily concerned with their actions, almost exclusively discuss arithmetic or game related issues, and their attention is only rarely diverted. We assume that playing games is possibly more motivating than more instructional settings and that the peer collaboration is part of the motivating aspects of this teaching and learning arrangement -The children play collaboratively. The video data shows many incidents where children support each other, give verbal explanations for their actions and discuss arithmetic themes. They were most active in the role of the player. According to Sfard and Lavie (2005) numerical communication can be internalised through repeated discussions and thereby contributes to developing a deeper understanding. This can be a foundation for further constructions of knowledge by the child as the child interacts with his or her surroundings.
As the analysis presented here is of exploratory nature only, the results should be interpreted with caution and cannot be generalised. For further insights into the learning processes and the scope of board and card games for early mathematics, the videos of other games also need to be analysed. This first exploratory analysis leads us to the hypothesis that board games like Shut the Box can provide a high quality teaching and learning arrangement, offering cognitively activating and challenging learning tasks, adaptive for different levels of mathematical competencies and allowing for diverse strategies, embedded in a collaborative setting. More research is necessary on the exact ways such teaching and learning arrangements support mathematical learning.
